The work contains thermal insulation requirements and fire safety properties of insulation materials. It specifically focuses on insulation materials based on soluble glass. The work also presents research and test results obtained at SSUACE. The aim of the research was to develop new technologies and soluble glass-based formulas for the production of porous insulation materials and other common items. A two-step structuring technology was designed to ensure structural heterogeneity of insulation materials. Porosity and viscosity sufficient for complex shape moulding were achieved due to the use of a modified bonding agent. The test results show that the new insulation materials have proved heat and fire resistant, with excellent thermal insulation properties.
Introduction
The development of efficient, cost-effective, durable and safe thermal insulation materials is a challenge that remains relevant nowadays, as fire safety, particularly fire and thermal resistance, is as important for civil construction today as it ever was [1] [2] [3] . Numerous tragic accidents associated with thermal decomposition of polymer foam-based insulation make both developers and contractors look for possible alternatives.
Mineral fibre insulation has the edge over polymer foam-based insulation, but may still not be the ideal choice. Among its disadvantages are low form stability and high water absorption up to 60-80% of its weight due to the open nature of porosity in mineral fibre items. In terms of minimal open porosity, cellular insulation is by far the most efficient [4] [5] [6] .
Manufactured from light and ultralight expanded clay aggregate, expanded clay concrete also has a high capacity for thermal insulation [7] [8] [9] [10] . However, the extensive clay mining has led to a reduction in expansive clay deposits, thus putting a limit on expanded clay production.
The authors believe that the focus now should shift to research and production of sodium water (soluble) glass-based porous materials. These are characterized by intense expansion when heated, with a 60-80 times increase in volume, while the mineral makeup of soluble glass and soluble glass-based materials is responsible for thermal resistance and fire safety. Similar research studies are carried out by research teams in Saransk [11] , Tomsk [12] , Saratov [13] and other cities [14] .
Research
At SSUACE, the research is carried out within the framework of the Programme for Development of Efficient Building Materials and Engineering Structures. The aim of the research is to develop new technologies and sodium water glass-based formulas for the production of porous insulation materials and other common items.
Thermal expansion of soluble glass is characterized by non-simultaneous volume expansion, a decrease in soluble glass viscosity and subsequent pore fusion that leads to uneven porosity. This can be mitigated by adding powder and fibre fillers that give structure to soluble glass and help obtain a more homogeneous material. The disadvantage is a greater density of the resulting material due to the use of fillers. An innovative two-step structuring method was suggested to address the problem of heterogeneity of the structure of insulation materials. Based on this method, the structure of porous material comprises two levels. The structure of the first level is to include highly porous sodium silicate granules 3 to 10 mm in diameter. The structure of the second level is to include water glass and porous fine-dispersed sodium silicate powder with 0.1-2.5 mm particles and a density of about 70 kg/m 3 [15] [16] [17] [18] [19] .
Both porous granules and porous powder are sodium silicates produced from sodium water glass. This ensures the homogeneous nature of porosity ( Fig. 1) and identical properties over the whole volume of end material as evidenced by the results of differential thermal analysis. The properties of the new material are shown in Table 1 . Table 1 . Properties of thermal insulation material obtained by thermal expansion.
Properties Results

Average density, kg/m 3 350-365
Average compressive strength, MPA 0.4-0.55
Average bending strength, MPA 0.07-0.9
Thermal conductivity, W/(m*K) 0,088-0,0-94
Organic compounds, % absent Fire resistance threshold limit for a 20 mm thick steel construction, in minutes >30
Heat resistance, in thermal cycles >100
Maximum temperature, 730
The results indicate the efficiency of the new material in terms of insulation, non-combustibility, fire resistance and fire safety. The suggested technology is waste-free, as possible waste products with a low density can be used as fine-grained fillers. The uniformity of the parameters allows for the use of automatic control systems with specifically designed algorithms [20, 21] .
The use of this technology is limited though to exclude thermal insulation of equipment with a complex configuration as the final solidification occurs at no less than 150 degrees Celsius [22, 23, 24] . A new technology of production of insulation materials at lower temperatures (20-40 degrees Celsius) [25] was designed to overcome this limitation. It uses dehydrated hydrogen peroxide as a foaming agent and a water glass and Portland cement-based solidifier. Expanded glass granulate is added to reduce the weight of the final product and to increase its porosity.
The material obtained after solidification and expansion (Fig. 2 ) has the following properties:
• density -0.34 -0.42 g/cm 3 ;
• compressive strength -7.2 kgf/ cm; • even distribution of small closed pores;
• ease of moulding A distinctive feature of this material is its expansion at 20-40 degrees Celsius and its ability to preserve porosity and structural viscosity. The expanded material can be moulded into any shape without the deterioration of its insulating properties. Fig. 2 shows the structure of a solidified 40 mm thick porous tile. 
Conclusion
It can be concluded that the technology presented in this article is economically viable as it does not require a costly heat treatment. Standard dispensers and faucets can be used for the application. The resulting insulation has a low density and sufficient strength, making it attractive for developers and contractors likewise. The mineral makeup and the absence of organic fillers mean that the new insulation material is characterized by noncombustibility, fire resistance and fire safety. Depending on the components, the fire resistance threshold limit is 750-1100 degrees Celsius.
